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[ABSTRACT] 

PROBLEM TO BE SOLVED: To compensate for degrading of reproduction characteristic 
assoc i ated w i th non- 1 i near d i stort i on and changes in I eve I by outputt i ng a reference s i gna I 
for metric computation and a level change component to remove a level conversion component 
on the input side of an A/D converter for preventing the saturation of a range. SOLUTION: 
An expected value of a level change component outputted from a non- linear distort ion/TA 
compensation circuit 34 is converted by a D/A converter 35 and the resulting analog signal 
is subtracted from an output signal of an LPF17 to el iminate a level change of a signal 
inputted into an A/D converter 18. A compensation circuit 34 inputs a reproduction signal 
outputted from a magnetic channel PR equal ization part 19 through a delay circuit 33 and 
a revived pass obtained from a maximum likelihood decoding section 30 to determine an 
expected value, which is outputted to the maximum likelihood decoding section 30. The 
maximum likelihood decoding section 30 uses the expected value obtained to calculate a 
branch metric and then, performs a maximum likelihood decod i ng. C0PYR I GHT : 
(01997, JPO&Japio 
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mmw^y , j=i- ft-5^®4. tutat/yn-F 

wr-iV$ )im^ ^ - ^ -wn^ x x &m&&icw 
it-f&PRmt^&t, friBPR^t#©{cj:f)ff?.n 10 

$ xmm § n s -5 s -i v % mmm*£gi 

j£4, • TAffim^&zm-). mmmmm.- 

T A««#|gJ: 9 ffi*Sft?cU^;^lfl)S^(D«#fii?: 
»©Bfc* § ftfcTi- o ^«#*« ?>il?l< . 

t it-ftKis^xm&mam • t Affi«^igj: x> $m 20 
mau mzmim^m* c tizmmmnt lxj 

ci»*3B2 ] mmm 1 icimsntamnm ■ taii 
Kfe u x . frt E**a##s <t 9 »e ft t& %n 9 

isihms ftfc«&##*A# l , «raasfe*»»j 

KB*fi^iffiHS9Mba*<!;©Rife**«>v Cft£ffiB 30 

*t*»*)^^{cj:or«ai-r4*a. *9iB©»»3ftfc. 
te-****i-ww*wfc"r**a. itriB¥*Wfc*Kfc<t: o 

mwotc&cDmmm^t. u^soius#ift*ft*ft 

] f*^2tCSB«$ftfc#iS9&lt • TAf« 

*R(c*n,»r. WE^Wfc*«tc <fc 5 »6ftfc«-f©# 
ffi*ic^ft^ftst)£-r-2,f?)iBa*j^tffi*^tt#t-5£: 40 

t.t*mwLtir%mmm ■ tawik. scfcn* 

©¥^&**S*MM*»TS#K*»». ^ft^ft 

stjfi-rawiaasMWbtfWjftftW^sci'ry F y ? f 
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t LX&J]-?Z^&<DfrXMl&LtcC b*W&±* 5# 
[0 00 1 ] 

[f6?B©is-rs8«#»] is^efa^Ka-r 
•sssmt 1 x ^ases©** -f v>$ MBsasmmstMmjx. 

[0 00 2] 

[fie*©asi5] wss,? ■< x ^^g^©ism«f&^%*^ 

~?2>~fi3i£ l/t-i5¥. PR4ML (Partial Response cl 
ass 4 Maximum Likelihood)ica^< W^£§SR6ff©3I 

flmwswi!'), ls 1 tLxmmitznz 

kSlctX-yfc. PR4ML^»«^I©«fc5K:PR4^ 

<b3 ftfcg=- + * ;u{c*sc»-c^ D -sgt*n©lf -^IfflT***! J 

m V . ^©tllBMftJ: 5 2 ttlt " * fc'a^-ic <£Sjfcfcffi 
#*tf 9 *>©-e*5. 

[ 0 0 0 3 ] MaBX-te. P R 4 M L J: <0 t> MfClSSSIB 

•C> EPR4 (Extended Partial Response Class 
4) , E E P R 4 (Extended EPR4) fOMPRflW 
3Z&&m § ft. LSI J: SSIffl{b^©*ffl#^f ft 
ft-rt<i-S>„ Cft6©PR5=-i> *Mt. PR4f + Wi 
tb^rff-^ffl©^^.--^ U f FgESt*^# < fe^>?cat> 
(c, *btat#tcl»L'C«{be-%«W©ill#«:«rs*« 
g*5i^<^o, «#^«3*ifftt^#3ftS. ^-©¥ 
H, PR4ML<fcH?t**««m (E PR 4 
•C8, E E PR4t 16), «#©Ma*S|g«IOC&S 
SB5©&«&LS I ya-fexe»©jt*K:«fc*). C 

So 

[0 0 0 4] E PR 4 , EEPR4^b<C<fc£<i-5f©^ 
«b (EPR4-C5, EEPR4T-7) mm 

t^^i!cCo"r < •!>„ $/c, TA (Thential Asperity: 

FKfigE»ffi!n3S!(#*jpJffiUfcMR (Magneto Resistiv 
e) F*ffl(r»*BR«:*C;*. 
[ 0 0 0 5 ] 13 1 0 {CiT^tf^tt^*©®^*^. 

H^©MRW^ » F-C5J, H 1 0 fc^-TJ; 5 
&c, «JH©gEYttc»l/"C*itt»Wtt^ft*ff S 
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(^•ti-eftAu. Ad)KiS5. tKDJzSKmmcBM 

m=t&t h xmzc t{c^s. ccDtffflf*}*, ism 

[0 00 6]— 73. TA», FifM Xi'lS© 

su-c— » y k <k d . ©iM^sa^-cem 

F**«MU fi# U^;U#s|g| 5 CD J: -5 tcgMTZm 
Ci^&fr). A/D (Analogue to DiqitaD^&HA^ 10 

[0007] ^jis$)mmzmm!iigmt<c$5^x, m 
mmnm^co^M" ,199 ss?mwmMG&&3. 

l/i'Ha-i'Xyf-fxf C - 3 4 8SCgBi£§ 20 

tl-Ct=>-2>73 3t* 3 S)-5o 

[0008] mziWf-t x fmmwgm&x-u. mm 
m u — !f acFssfeffl — 9 *> h mm § u -if e- a 

©t^^-^x-^-t/ xi?©K!tt^8fr, u-tfA^- 

c«6Sf<f tct *> . wsm #© u^u*«#ihw«:<6h« 

^tirT^. C© U^l/gOfrJCj: £W£!t$te©3&{t*l*± 

i-c, iria«i#facb^i^©w^ff^©^mffli:©^/jN 30 

[ 0 0 0 9 ] H2K. fi£*775«cJ:& U-^;l/SS6«lffill 
[0 0 1 0 imZiLfr'?-*®. ( 1. 7) RLLIBiS^ 

-s§g& 2 1 xgdimmtsti. -?v a- #2, 2 tnrz i 

(Non Return to Zero Inverted) {C^U =i— FStlSo 
±iB7"U a- Kffi77«fa^fflU-1f2 3«C«fc9> fflSKft 

77U^;b (OSfcttl) U-1fyt<D^V -i^. 

[0011] — 7j. S^ffllJ-C«, W£/BU-1f 2 4(C 

T>y'2 6 trjaS^^WKiflB L P F (Low Pass 
Filter) 2 7XTmmmf8.fr*mi;$tltc^ A/D 
£»82 8 XT+vV'm^frh^rjVZM^tm&Z 
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[0012] bJIBtw y*;Wi#». "i^^HUJPSTft 

o-v->y'Mmnt bxjt***)i-p r ( 1 , 2 , 1 ) 

^•ftffl52 9CCA*§n. i/ftJ'E.nfcr'^X^— 
M©f^ s?£;ux ^ ^ZX-fftWD-i ^^xjc&^3&sf#6 

j£§£LT^6K:^-f<J:5&PR (1, 2, 1) (c^Hfc 
Stl-S. CCT, PR (1, 2, 1) tkts PR^ffcffi 
tSthX<D4Zs^)\>X)&gmW. ? >^HBI»TfftC 
ff-^flipliL-r-0, 1, 2, 1. 0, 5 ft 

[0 0 13] PRftW©»0 0, 0 1, 10, 
ll©4aD-C**J. PR (1, 2, l)iSKbffi*B 
0, 1, 3, 4©4tt=&l*S i***)\'W3k<Zffi-Ml£-o 

^xitmxme^m^xmm-ri,) . ^ttH^jykB* 
7m-^gi5 3 o &c at7 § ti, f£ ta#*sft § n, 
^«ia^«-^g|5 3 2 r^m u^-f tcssft, m77 § n 

[0 0 14] cct, t*«f93 0rtt, u-<;i^S6 

«3 0ct!)«*a#»oea (k-L) k*»***» 

1' Ck-L)-y6' (k-L)**», C^jSmB^ 
x^^ey s».cDiB@i^lHr & t) , mi awiff # y c k - 
Ck-L)-y6' Ck-L)***a#{Cffl^*Ci"C, 

[ 0 0 1 5 ] H 3 U^JlMKtilBIRS 1 

**H-^SP3 0 J:^A^^n^>i, ±IBW^«-^y(k 
-L)tt, -feU^^HISg3 1 ltc*y^r±E*#3BI0^ 
XPCk-L){cJ:D 6o0fflAy 1 (k-L)^y 6 (k 
~L) ICfrmZtl, ^tl^tlJ*:V®m3 12fr>7f 
U^*3 1 2 a — 3l2ftCA*3nSc 
[0016] s^«#ti. Ei4o M/ y^«HK:svr J: 

fc6o<Dffiy 1 (k-L)-y 6 (k-L) (§^CDffi*iM 

»o. ( i t i, 3, 3, 4) cD^n^ntc^fjES-r^ct^ 



m^mb. -eti-etio o, 01, 10, iincM^-t 

5. 9 x + ^JKDA^Jffl (OSfcBl) Ki-otPRfjt 
ffi^CDSSfflWSfc^-r J; 5iC4ffl(0, 1, 3, 4 ) 
©t,>-r*l#>=&BX£. CCtttd, 7) RLL?HI£iB 
«RNtK«l»'CC»4©'C. RtSlWS2*?.(!)Ii 

^^^«i*-ro<t%-ort,5§ 0 ,t,t, H4©huy* 
[0017] ( h b-^A> ?: ?) «© 

£*^»3 P (k - L)*5^'X 3(04 iCte^XjsM-C 

m™) <om&, £tit,cttfc-$-&w£.mmty 3(k-D 10 

ilT« -feU*£IIig3 1 lfCjcO^-^ huyx^3 1 
2 cKA2;3ft4. 

[0018] C©J:^(CLT, SAXK*J-j£L/cB4[f 

ft*. ±ib^>7 n^yx*©#js®*^(cieit.§n-c^ 
sn#£ij (k-D fit«r©±r©«4*#«. rc&ttatff 

HISS 3 1 3KA*Sn. *CT*Bf3H»*J*ffl3ft*. 
[0019] fftto*. ft3Htft#H3tt3 1 3 aTtty 

*>;0B3 1 2 a Kiatt snru s^WifB-^©*^^ 
c tic £^xmmo<L - dk:*^ &w£fi#© 20 

JWfffly 1 ' ck-L)*JWHU ttSHtttftSK3 1 3 

b-ctty*'ji@is§3 i 2 b{ctBtesn-ri,»s^i^m# 
<Dmnw-&}*wiz>c\ticj:-ixmn (k-D k*$ws 

W*m-^©Si#fiy 2 ' Ck-L)'*»tBO. «TPI* 

k t r xi#ffiy 6 - (k-D* -cayfeTiucaws ft & . 

[0 020] JhGft£HWK*@B3 1 3-CS£fi*NR5U 

©at »«tti«»B¥^<bs ft-c oi&f), w£fi-*f ©a 

JBflifflH©** U^^»^©^*sWf»i L.r» 
S„ J;->-t, C^fKiiyl' (k-L)~y6' (k 30 
- D#>\ I4tcm1" huu x$§na©^'x l 6 «c 

[ 0 0 2 l ] *#a#»3 0tB±EPR«fc»OIB* 
y kj&fflfcgWfffiiy l' (k -L)~y6' (k-D* 
A2JU «#KHl*tT5. *th»KB. PR^fcg|5©ffi 
*«-5ftf>6>. ±H8Sr»f$tty 1 ' (k - L )~y 6 ' 
(k-DK*N~5^>?^ h 'J Cftfc 

[0 02 2] 40 
[ JBifc L «fc 5 £ f S fHB ] _hf Bft£*t£fl Jit iSf 

[0023] ^ i5df;n^Mfa»if^^Sicfcws u-t 
nzMmicistt zms t ttfewfimizz, x?<d 

1««-r^#u^;VStt»ifc^/hSt='. -*TAB, m so 
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v ¥ tf-( xt> <D$k>\-mmft-e®M^ » F 
;HWB»fflEiS'CBU'<^g»CDi«W £g* 

© u^jftfcg <. onamg^Kits £>saii-r a, t > « 

[0024] *fc v r a isz)iffisxMmm&ms.icim 
£MBic±.T&nmmte £<nftmmtmmrz> zt& 
mmD£'>ic%m<D±Tmmmzs m«ib«§w 
mgrncte^x. FicmmmrmMkZfflmLtc 
mr^j zmtc£.c (no) . +mt-mt 
t?a & s«*tc a * . c n »»«ett??£«»e<f$*r© 
sure* 9. u^i/satttflHtt:. ^nw^s* 

[0025] *^bj«, 8e3Hsaw©*-r*±Eiw»aK: 

M*. T A ic J: § u^;t/^atf^©i:T#>tfifcttK: 
<£ ^^NK^StCjSHr St*** 0 *#tt©^t?r i K 

[0 02 6] 

ft**ft*ft¥*wt-i-**a, swwsB#acc<fc?)f#6 

ftfc«^*«EO, *«»2**MIL/fc^ h 'J » 

©?c&©Kmit#i, u^oi^mm^t^ti^enmtt 

eftfcU-^^ttfiS^W^HB^D/A (Digital to An 
al ogue) ^Mt 4#S. KTfl B D / A «C <£ S T * n ^*© U 
•^AS3ftJSfe»«mi*. S^«A/D«afc#®©A*« 
■C, WtS^y FtB^©^*yT>^. LPF (Low PassFi 

i ten) mmkv>mmp l ? i < ^s^tw s . 
[0027] *«ra-ci*. ^m^s • t &mw&mc& 
•3, wim-^iait^fcHi^i©^***^^^^^ 

io-c^-SIL, cft*¥^{fc-rs^S, RO'mfsB^SK 

j:tif#e»ft/c«#^tiiED &m%m*mm.i>tcj v y 
s»i»aw©5t»©ja!ifln*i. u^i^an»«»<fc*-€-ft 

mwm^w&i a/ d «k¥«©MS-c.. » f tu 

J3<D-7VT>7, LPF3l3lfI©m^e>ML§l<^© 
K <t 0 . A/D^^©A^)ffliJ-C U-^Jl«ttJ3E»4HSfe 
t % C t *ST# . A# & U^;P^ltl*S*DT *> V >5>© 



s. 

[0 02 8 ] 

mmommmm] m 1 b. 1 iQtwc £ 

S-?-* ^#;UiBlf®£f£K©:£^j£-e*>S. Efcfct,* 
-C> 3.-tf<OSF#ii*f t -^ (0, 1 ) *5»Jfc0E»flW 

iikj:9 K»ra*wt3fts. tBgf$?# in*. ( i , 
7) rl L$m, 8-9 ^mnteziprnm-Tes sav 

CCtlJd, 7) RL L^WKPJ-TS. 

[0029] itriBfefs^Hts nfcj^jB:/ ya-^'i 

2-CNRZ I(C7 - 'J3-F§^. 7''J3-F?nfcl 
5>J«> fB»-^»; F 1 3{C<fc9aSt5=w X* 1 4_BclB«i 

sns, — wsfem-cBatsiy a * z> i 4 tcmito&i 

§ £ b-CiBiiS n?c^- it v F 1 5 tc J: 0 If £ 

fi#tcS0ft L . ~?'vt>?' i 6 tj*h § nfcfg lpfi 

D/A^SS3 5 4g», Cft&JCfc 
0 . A/D^ftH 1 8 CDA^Jffl'jT'L P F 1 7 ©cH^ff-Sf 

So 

[0030] -mt>%> mmm ■ t a««hiss3 4 j: 

E7toyff%LPF 1 7©fflM^6Ttn^n 
HC»7 3tfflt»-rMOfl< Cit?, A/DSM18K 
A^J 3ti**#©U^^!aBp*«: < "T «fc 5 K btt,^„ 
[0 03 1] C©£^CUTU^;l^«i©&t,> 

mi -9<csefts n, mM? *%>vp Rmtm 1 9 -cssm 
*»s. 

[0 03 2] CC-C, ^^i-^PR^-fbgRl 9 TB 

0 1 1 tcm? Fuy *sug-ca&b s ns e p r 

4^**JWC3Ht**T ; 5. CCtSO, SI, S3, S 
4, S6, S 7 B-etl^ft, EPR4 3=- + *Jl/©t#B 

c ). c--+). c- ++). (+--). C+ ++). 

(+ + +)%Sl»-r5. SS^UKK, hU-X^i? 
«©£S»9;^P(k-L)K^SH&{t#y 1 Ck 
-L)~y 1 0 Ck-L)*, S/c. MIKB^t^A 
Aft (+ 1 SfcB- 1 . c c-c»|?f©&-c8§) 
t-SEPR4©SWfbfil:*7« (2, 1, 0, -1. - 

2) **gpA^tcsfjsor^L.'r*4. *mmm-vit> 
mmw^t lx ( 1 , 7 ) r l lii^mn Rziyu 

S6 (- + -. +- + ) iot, ttiS2 (- + 

-)MS5 (+- + ) 

3&B#*© 8 #> «=> 6 L T (,> S . 
[0 03 3] WfBSiff-^y Ck)KK^f^^<t*^ 

^I4©#jjn*«*^^nr^s„ «*«#»3 0-cb. 

'«a^ + *^PR*fb»l 9£0mft£tifcMfBB£{i 
fyki, *«UBS-TA»«@»3 4«fc»)UtfjSftfc 
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SPizl' Ck-L)~z4' (k-L)*A27U Cti 

t '* tra#*ff u». «9«Jii*iB««5fflS3- 

(k-L) KteWS£#3«9^XPCk-L)^N^S 

• TA»«iaiS3 4KtffcfrrS. 

[0 034] — #MWt5S • T A««0S§3 4 ». >K 
Wt'JSLt? F-#©jI5P$ra&#TSiII£!Ili§3 3 
^/M/Tli^f ^^PR^ftSPl 9 Jc^fii^ftfci? 
£ff#y (k-L)i, *#«*H|53 0 J:0» fetifclWB 
10 ^.tUD^XPCk-L^AftU «?#«z 1' (k- 

D~z4' ck-L)**«&. «*a#au3 0Kffi*r 
So mMmM3 or», cne>©»i^Mii*fflt^T^7 

UUimMf&fr*: A/ D^H 1 8 ©A*ffl«-e& 6*> D 
**&U^;l^8&#££T4>A/DgE&3ll 8©U 

>y«fnt s c t < . RKSS Lrsa^ta^f 

SntUS©?, S^ff^-y (k)tc«£i UT^$RJ&£ 
20 ^<t*f>?xtt©#ijnlt#*s$istisc:<k Kites. <fc-> 

[ 0 0 3 5 ] M 7 iC*^©» 1 IWKJ:5»i 

• TAffl«IilSg3 4©#(S*^-T. SKfcl't, 

m- TA«*H8S3 4i*. A-^ytyiLKi-F^©! 
^H%*-rS®SlHliS3 3£/rt,t:$M3 1 + *.rt<PR 
WbWl 9J:DW*Stifcll^fll#yCk-L)i. ®* 
«^gP3 0 <fc 9#6ftft:SWE£#»9 /<X P (k - L)* 
A^-T So Kl!)^P(k-L ).«3BB*fbHJ*«i 
30 HSS3 4 1 (CA^l^tlSo CC-C«A^lStl/cH(rlB^§- 

^-x p ck - l ){t*hr s p Rmitmmmxm t 

[0 03 6] Wittf. SI 15c*jt,vCPCk-L)*5y 7 

ck-DK^ts-rs^x©^ ffiawbw^^sss 
34i»f-o *m*itz>* mmmtmmmm 4 

IB. ROMKi^IK^ttS. *^JfeWT-B. 
ill U"5 10^©£#«^«P(k-L)^4t*!, 

FcrF^iu *nerrsa««9Ktnj*«f c2. 

1, 0, -1, -2) £ROMtc**3^-C4BW«\fc 

40 

[0 03 7] Hnrat*3Wfcffi*tt, MSS3 1 5 K 
J;0ltilBS*ff-^y Ck- L)i©M*^f>txSo CtiK 
J: «3 . B^^iJck - L)KfcW SS^«^©fflS^iblil* f 
K:StTSMMAhCk-L)3&s*SS. l>ffB^AhCk 
-DB-feUi'^EISSS 4 2 «:«£»)'. «IB*#«»)^ 

p ck - L)t£fcvtcmMmtBijim>m^<<tfM2ti. 

¥^fblHS§3 4 3iCA*S^So 
[0 03 8] ymtM&3 4 3 B«^fl©¥^bL P F 

■d#j£<*ftS#s, **»Jr-B5Mr*s„ ccm 

50 SK^fbU^l'^2. 1. 0, -1, -2(Cffl^TS^ 
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«SE***tl*tl, ?mPFl(343 a) 1 ¥*Wb 
LPF2(3 43b), ¥#tfbL PF3(343 c), 
ltLPF4(343d), T^fcLPF 5(343 e)icA 

[0 03 9] Mill, 01 HC^TP(k-L) #y 
7(k-L) K#l£TS^X<Df»^ ffiffiWbW^W* 
0T*S*6, lii^Ah(k-L) BayJWfcLPF. 

3 (343 c )^.(Di#<b IT-fe l/^ h SilS. HtftBO 

JEttl $ ti* o T^fc LPFttl WMOt jzsZfry-i to 

P F 3 (3 4 3 c )©ffi*BU^Jl/a»«6»©JBSFliA 
h' Ck-DtSWCiOTtSc im. HI Ofcte 

aawwb o <D»^oc*r* 2>#mzmx+fr'h$ 

[0 04 0 ] #«»SB¥*ftL P F 1 (3 4 3 

a), WbLPF2C343b), ¥*WbLPF4(3 4 
3d), T*ftL P F 5 (3 4 3 e )©*ttfc*J*flilr>Tl* 

SHr<D**»Bz 1 Ck-D-z 4(k-L)ft*»4. * 
igffiz 1 (k-L)-z 4(k-L)tt, -eft-ettfSS^fb 
1, -1, -2(CWtLPFl(34 
.■•3a). WfcLPF2(343 b) ( ¥J$rffcLPF4C3 
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